ABSTRACT
Introduction
It was shown in previous studies (3, 5) that the codon bias in organisms with a high rate of expression of proteins or a short life cycle is a result of the improvement of translational efficiency. On the other hand in vertebrates mutation is the main drive for the varying frequencies of synonymous codons. This leads to the suggestion that nucleotide sequences with different rates of mutation could be grouped by the differences in codon usage.
Objective of the study
The major goal of the study is to determine the association between codon usage and the inherent mutability of the sequence. This can lead to the creation of a model that can be used to classify sequences in groups based on their codon content, and associate them to the other sequences in the group.
Materials and methods

Data set
For the purpose of our research five groups of coding sequences (mRNAs) were selected from the latest available version of the EMBL Nucleotide Sequence database (2) . The groups were built based on the data for genetic variations from Swiss-Prot, which includes only missense changes. These groups were selected in order to show that there is a correlation between the number of variations occurring in the sequence and its codon usage. This is why groups were selected based on the total number of variations, and not based on what diseases they were connected to. To determine the connection between genes linked to a disease, and codon usage, a sixth group was selected. It encompassed all the genes with variations that were connected to a certain kind of cancer, or were found in a cancer sample (and so could be connected to cancer). The number of sequences in all the groups can be found in Table 1 . the relative frequency of every codon per 1000 codons in the sequence. CUSP works by simply counting the codons in the sequence and calculating statistics for each of them based on amino acid and total number of occurrences. This data was generated for each sequence and for the group as a whole.
The results for the whole groups were used to measure the difference between them. When calculating the distance the aim was to preserve the difference imposed by the frequency of every codon. This is why we used Euclidean distance in 64D space as a distance function. The frequency and fraction numbers for each codon were taken as coordinates in this 64D space and the distance between the so defined points, representing the groups, and a reference was calculated ( Table 2 ). The CUSP output for the whole dataset was used as a reference point for the distance calculation. A graphical representation of the distances can be seen on Fig. 1 . To determine whether the relation observed was persistent in the data a second round of calculations was carried out, this time limiting the number of sampled members per group to the number of members in the smallest one (logically, the group with the largest number of variations). The base group from which the distances were calculated was limited too. The trend is shown on Fig. 2 .
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Fig. 2. Graphical representation of the distance results for the limited groups.
A second test of the results was done using five randomly picked groups of 400 sequences (close to the number of sequences in the smallest group). The CUSP results for these groups, compared to a reference group of another randomly picked 400 sequences are represented on Fig. 3 . 
Results and Discussion
The results for the full groups clearly show that there is a relation between the codon usage and the number of variations, registered for the sequence. There are a number of points to consider when analyzing these results:
The number of sequences in each group is obviously dependent on the number of variations -the more variability required, the less sequences are available. This might impact the distance measurement, as the smaller the group is, the more it is possible that it is biased in its codon usage by chance, and not because it contains highly variable sequences. This is offset by the limited groups test, in which a fixed number of sequences was picked (sampled) randomly from each group and the calculations were repeated for these excerpts. It has to be noted that the reference point was limited too, to the same fixed number of randomly picked sequences, this time from the whose dataset. The results persisted (Fig. 2) and lead to the conclusion that the first results are not just the result of difference in group size
The differences between the calculated numbers are small, and possibly comparable to the error introduced by the natural variation of codon usage in the examined sequences. To determine whether our groups differ from a set of randomly picked sequences the calculations were repeated with 5 randomly selected groups. The results (Fig 3.) show that there is a difference between the two series: the random excerpts show a standard error of 1.34 while the limited groups have an error of 2.02 (for comparison the standard error of the results for the whole groups is 2.80).
After finding a connection between codon usage and the variability of a sequence, we examined a group of disease connected sequences. We hypothesized that this group will be similarly distanced from the reference point. The results ( Fig.  1 & 2) show that this is true and holds for both the full groups and the excerpts.
This leads us to conclude that different groups of sequences, linked to various diseases, will be separable from the reference (whole dataset) and from other groups.This will further be used to build a model for the classification of sequences as a novel way to determine target proteins for disease and mutation research.
